In two past studies we observed and analyzed a group of European new and adolescent ventures, looking in particular at how they were about exploiting nanotechnology-based business opportunities, what was the role of intellectual property rights (IPRs), mainly patents, in those strategies, what was the link between patent fi lings in nanotechnology and exploitation patterns in the market. We formulated hypotheses and proposed an interpretative model of the strategic decisions and business choices. After a couple of years we took the opportunity to revisit some of the hypotheses and outcomes of the proposed interpretative model. If the overall framework of analysis is still, at least partly, applicable to the current situation, new trends emerge, which involve: the creation of extended portfolios of IPRs and intangible assets, which are both technology and marketing related, the entry of strategic investors and the new role of the fi nancial and funding instruments, and the emergence of new types of consolidation patterns which are rooted in the net of strategic partnerships, collaborations and new forms of alliances in the supply chain and in the market.
Background
We started looking with interest at the link between patent fi lings in nanotechnology and exploitation patterns in the market(s) in the years from 2006 to 2009.
In two different papers [1, 2] , we tackled the questions of what roles do intellectual property and intangible assets play for new nanotechnology ventures and their strategies for capturing the value of innovation, and what intellectual property management practices are adopted by European small and medium enterprises (SMEs) in inter-organizational arrangements, e.g., in the supply chain or in the phase of technology acquisition or licensing.
At that time (and even now) the questions arose strikingly stronger year after year: What is the role of intellectual property, and patents in particular, in the business strategies of nanotechnology-based enterprises ? What are the benefi ts of adopting an intellectual property strategy, which aligns with and adapts to the business model ? How does intellectual property contribute to competitiveness, economic value and wealth creation ?
Our fi rst paper [1] examined the inputs and the drivers of early growth of nanotechnology ventures by taking a strategic entrepreneurship (in addition to strategic alliances) perspective. The research derived evidence from 15 new and adolescent companies, for which we (Prof. Baglieri and I) formulated the following hypotheses:
"Vertical strategic alliances taken on by a nanotechnology 1.
fi rms are associated positively with the start-up's performance. Nanotechnology fi rms' IPRs (Intellectual Property Rights) 2.
strategies positively infl uence their current portfolio choice of strategic alliances modes. Nanotechnology fi rms' wealth creation is positively associ-3.
ated with their technology integration approach of multiple markets entry strategy."
A relevant outcome of the research was the attitude of those nanotechnology-based ventures to design patterns of strategic alliances and cooperation in the market, mainly choosing to evolve in the supply chain, entering into vertical strategic alliances, both upstream and downstream. Another key observation was the choice of the enterprises for a selective entering into multiple markets of products or integrated solutions, aiming at widening the customer base, opening multiple test beds alternatives, boosting the learning curve, getting product/process endorsement, creating short-term wins for building reputation in the market. For such latter approaches, we spoke about " wise fragmentation strategy " .
Strong and relevant IPRs assets came into play in those business choices as intellectual property, together with other intangible assets such as know-how and tacit knowledge, acted as enablers for building multiple strategic alliances at different levels, could be leveraged to secure collaborations and partnerships and to obtain fi nancial support from institutional and private entities.
The second paper [2] moved from the insights of previous research looking at intellectual property management practices within the fi rm and in inter-organizational arrangements, as they have been adopted by a group of 18 European SMEs active in the nanotechnology fi eld, having a signifi cant asset of IPRs, and operating in one or more supply chains. The two groups under observation in the fi rst research and in this second one are largely overlapping.
With the " Nanotechnology Value Chain " model proposed by Lux Research [3, 4] as a starting point (Figure 1 ), the research was aimed at identifying an interpretative model for the behavior of enterprises in the management and exploitation of intellectual property and in inter-organizational relationships within the supply chain and the market.
In particular, the analysis considered the set of decisions and strategic behavior of those SMEs when managing and exploiting their IPRs in a business context characterized by the presence (or creation) of nanotechnology supply chain or chains.
"The proposed framework of analysis, represented in Figure 2 , was built around three building blocks [2] : the intellectual property (IP); -the nanotech fi rm; -the inter-organizational relationships, collaborations and -partnerships and the correlations among them.
And three infl uential external factors:
the origins of patents and technology; -the impact of the funding and investment decisions; -the positioning and evolving pattern within the supply -chain, and the management of the relationships."
The study led to the identifi cation of four relevant confi gurations of the investigated decision variables and conditions, which we collectively represented by means of four profi les:
The strategic enabler, i.e., companies that hold core tech-1.
nologies and tend to protect key technology trajectories. They do not sell " products " , but truly enabling technologies " intangibles " such as technical solutions, competences, know-how in the form of licenses, by which collaborators and clients can, in turn, invent and innovate. The applications catalyst: organizations that strategically 2.
chose to move downstream focusing on industrial applications, also in different sectors and markets. They maintain and nurture patent portfolios mainly organized by applications and are typically structured in units with dedicated teams or as multi-divisions company. The product platform catalyst holds patent portfolios, 3.
which " map " the different stages of the product development or the process phases. The companies which respond to this profi le acquire the needed knowledge, technologies and related IPRs via mergers and acquisitions, or joint ventures, or owing to the aggregation effort of an investment group, typically venture capital fi rms and private equity funds. The progressive evolutionary integrator offers to its clients 4.
a so-called augmented product, which is the expression of both the protected technologies and the complementary know-how and competences, which are delivered mainly in the form of services.
In both investigations, there was a topic, which did enter the scene and was strongly correlated with the analysis and thus, de facto , a critical asset: the fi nancial support.
In our fi rst paper we stated that " [n]ew and adolescent ventures encounter concerns in attracting fi nancial resources since they lack both prior experience and legitimacy in fi nancial markets " .
Our second paper highlighted that the " enterprises manage and exploit these IPRs in a business context characterized by the presence of a nanotechnology supply chain, where these SMEs, leveraging their IP, interact with partners and clients and with investors as well " .
After a few years we are now taking a look back and revisiting the situation: Are the conclusions and the previously proposed model still valid ?
Update
In a sort of " top-up search " , as we say in the patent search and examination process, we went back reconsidering both the group of SMEs and the overall situation.
Of the 18 companies, which represented the test bed for the interpretative framework, from which we derived the four profi les, only one of them was dissolved and another one did not signifi cantly improve its position. All the other companies followed different growth processes, in some cases ending in business positions which are completely different from previous ones. One company is no longer a SME, at least according to the defi nition of a SME adopted by the European Commission [5] . Another company has been listed on the Alternative Investment Market (AIM) and still another company has been delisted and some of its business units sold to different corporations.
Some more general trends could also be observed. Among the companies that we defi ned " strategic enablers " , we found confi rmation about patenting strategies as all of them signifi cantly increased the number of patent fi lings. However, Nano-intermediates, semi-finished products Nano-enabled final products Nanomaterials Apparatus, production equipment and process, nanotools three more situations emerged: the fi rst one is related to the geographical expansion of technology adopters and production sites. The second one brings the enablers closer to both the application catalysts and the integrators as we observed an expanded portfolio of applications and an increase of services associated with the license of the technology. The third insight is fairly relevant and related to the fi rst situation: we witnessed the entry of a different type of investor, namely, equity partners, mainly large corporations, playing the role of strategic investors [6] .
For the " applications catalyst " , we still received confi rmation about the patenting strategies, as we noticed a signifi cant increase in the number of deposited patents for new methods and new applications, and the downstream focus for which evidence is provided by the increased number of market entries of products and systems embedding their nanotechnology solutions, a goal mainly achieved through strategic partnerships and collaborations or acquisitions of manufacturers of fi nal products.
We see that strategic alliances again play a key role in terms of exploitable commercialization channels, new applications development and potential buyers for whole technology applications packages.
With regard to the enterprises that we identifi ed as " product platform catalysts " , we noticed a trend similar to the " enablers " , namely, a shift of interest towards a cluster of (related) industrial applications and the approach to new markets. With regard to patent portfolios, the analysis revealed two sets of decisions: one oriented to the increased number of patent fi lings addressing the protection of new technology areas, and the other directed to strengthen the actual geographic and technological coverage.
For the group of so-called " progressive evolutionary integrators " , we have again recognized a trend for both extending the geographical coverage of intellectual property protection and moving downstream for new industrial applications, addressing new sectors and new markets of fi nal goods. We also recognized the presence of strategic investors within the companies which belonged to this profi le.
A distinctive approach of this group, which is also present in the other profi les, is the increased focus on other forms of intellectual property and services. We observed a significant increase in trademark fi lings, in the effort of building brand equity positions and a more structured approach to nanotechnology-related services, leading the creation of a homogeneous set of intangible assets.
To picture some aspects of the new situation, we can rely on a three-pillar model (Figure 3 ) .
Overall, we can say that the four profi les identifi ed a couple of years ago within the proposed interpretative model still respond to a certain extent to the actual confi gurations. However, we are now noticing that, although with distinctions, there are trends which make the borders between profi les more blurred. We recognize, for example, a signifi cant rush towards multiple industrial applications also in different markets (approximately one-third of the sample) and towards an extension of the geographical coverage (approximately a quarter of the cluster). More than one-half of the considered enterprises went for a numerical growth of the patent fi lings in their portfolios, whereas 15 % of the sample pursued a strategy for strengthening its IP protected position in the market, rather than expanding it.
This updated research indicates that the means and the paths which companies followed changed in these years, in particular for three sets of business choices:
The signifi cant orientation towards industrial applications, 1.
as opposed to research efforts, and the consolidation of strategic partnerships or alliances with fi nal goods producers, attempting to bridge the gap between the market for technologies and embedded technologies, and the market for products [7] . The intervention of a different type of investor, namely 2.
strategic investors, as large multinational companies, in particular from the chemical and microelectronic industries. still and predominantly as patents, which are becoming more numerous and stronger, but also looking at different forms of IPs and intangibles, such as building on trademarks and brands, enhancing reputation and partnerships and offering structured services, for ensuring business sustainability and playing the competitiveness battle on a different ground.
This evolution can be considered " normal " for certain companies approaching a more mature stage of the business practice and also of the technology. We are also not surprised to fi nd that companies still face the challenges of obtaining fi nancial support to sustain such evolution. This time however there is, on the one hand, more availability of funding for proven ventures/applications, and, on the other hand, the emergence of a group of strategic investors counterbalancing a shrinking market of investments.
With the three-pillar model still in mind, the situation can be illustrated by replacing the nanotechnology building block with a fi nance-oriented perspective, as illustrated in Figure 4 .
This replacement of the nanotechnological perspective with the fi nancial one also fi nds support in the comment of a German investor as reported by the Observatory-Nano ' s Economic Report, 2010 From an IP perspective -where IP now plays different strategic roles, is declined in different forms and is associated with a set of intangible assets (strategic collaborations, reputation, etc.) -the challenges ahead concern the Business/interorganizational relationships understanding and measurements of the contribution of IP to the overall business strategy and exploitation plans and patterns.
As the business context and inter-organizational relationships evolve, as companies and technology mature, as investors are likely to become less specialized operators, there is an emerging need of instruments and competences for measuring and communicating how IP and intangible assets fi t in the overall business strategy and, in particular, the new role and contribution of such IPs and intangibles to the creation of wealth, in terms of economic return, business and technological sustainability, and competitiveness.
These challenges are illustrated in Figure 5 .
Conclusion
Some technical areas of interest did receive a spur during the past few years, despite the crisis. Some might say that the performances were not up to expectation and there is still a lot to do on the research side: this is partly true. The rush towards fi nding industrial applications for nanotechnology might in fact have left behind some other research challenges in the fi eld.
The new business context witnesses a new role of the fi nancial and funding instruments, the intervention of strategic investors, the creation a new set of IP and intangible assets which are both technology and marketing related, and the emergence of new types of consolidation patterns which are rooted in the net of strategic partnerships, collaborations and new forms of alliances in the supply chain and in the market.
This business context is likely to enable the development of mechanisms to frame, in a systematic way, the package of intangibles, which include assets as diverse as research and development, brands and reputation, if shareholders are put in the condition of understanding and measuring the economic contribution of such intangibles to both technology and business sustainability and competitiveness of enterprises. Owing to her international professional experience and after a fruitful collaboration with the University Carlo Cattaneo -LIUC in Castellanza (Varese, Italy; www.liuc.it), in 2011 Ms. Giordani has been assigned the directorship of a newly founded Research Center on Innovation and Intellectual Property at the University: the LIUC IP Center. The Center will provide assistance to industries and enterprises for the management of innovation and intellectual property.
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